The development of Barbier type of carbon-carbon bondforming reactions opened a new era in synthetic organic chemistry.
1 Various metals including In, 2 Sn, 3 Zn, 4 Mg, 5 Bi, 6 and Cd 7 have been used. Among them the use of indium in aqueous solution has shown considerable promise in the addition of allylic halides to the carbonyl groups.
2 Some fragmental examples on the indium-mediated Barbier reaction of isatin derivatives have been reported. 8 Although the products derived from the Barbier reaction of isatins or ninhydrins have highly functionalized interesting structures, 9 the reactions have not been studied systematically. 8 Thus, we intended to examine systematically on the indium mediated Barbier reaction of ninhydrin and isatin with allyl bromide, methallyl bromide and benzyl bromide. The reaction of ninhydrin (1) and benzyl bromide occurred at the 2-position of ninhydrin selectively to give 2a in 39% yield. We used typical experimental conditions for the indium-mediated Barbier reactions: Use of indium metal in the presence of sodium iodide in N,N-dimethylformamide.
2,8
The use of aqueous tetrahydrofuran as solvent showed slow and incomplete reaction. Without sodium iodide no reaction occurred in most cases. Besides 2a, O-benzylated compound 2b was also isolated in a similar yield (44%). In the reaction, the intermediate indium alkoxide was quenched with benzyl bromide in the reaction mixture (entry 1) or with additional acetic anhydride (entry 2) to give 2c. The observation of Obenzylated compound 2b is the first example to the best of our knowledge. 10 For more reactive allyl bromide or methallyl bromide, 1,2-diallylation or 1,2-dimethallylation was observed in appreciable amounts (entries 3 and 4). We could not find any 1,2,3-triallylated compounds.
8b The representative results are listed in Table 1 .
The stereochemistry of 2g was the point of interest. The 1 H and 13 C NMR spectra of 2g showed it a single compound. Some chemical transformation of 2g was investigated in order to determine the stereochemistry of 2g as shown in The Brabier reaction of isatin (3) occurred at the 3-position. High yields of products were observed with allyl bromide and methallyl bromide (entries 1 and 2 in Table 2 ).
It is interesting to note that N-allylation or N-methallylation were occurred simultaneously to some extent. 11 However, the reaction with benzyl bromide showed sluggish reactivity (entry 3). 4a The relative reactivity of allyl bromide and benzyl bromide was clearly observed when we used equimolar amounts of both reagents (entry 4). The products 4a, 4b and 4g resulting from the incorporation of allyl bromide were formed. Spiro compounds 4h could be prepared in low yield (entry 5) by using α,α'-dibromo-o-xylene. The representative results are listed in Table 2 . In (2 equiv) NaI (4 equiv) DMF, rt, 6 h Alloxan (5) reacted similarly to give the highly allylated or benzylated compounds 6a-d in moderate yields (Scheme 2).
In this paper we disclosed the first systematic indiummediated Barbier reaction of isatin, ninhydrin and alloxan with some organo-halogen compounds. We are currently undergoing the chemical transformation of the obtained compounds.
Experimental Section
Typical experimental procedure for the synthesis of 2a and 2b: A mixture of ninhydrin (178 mg, 1 mmol), benzyl bromide (685 mg, 4 mmol), indium powder (115 mg, 1 mmol, Aldrich), and sodium iodide (600 mg, 4 mmol) in DMF (3 mL) was stirred at room temperature for 5 min. The reaction mixture was poured into aqueous HCl solution and extracted with ether. Evaporation of the solvent followed by purification of the product by silica gel column chromatography (hexane/ether, 2 : 1) provided the pure products 2a and 2b in 39 and 44% yields, respectively. Selected spectroscopic data of products are as follows. 
